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(54) EXHAUST GAS CLEANER FOR iNTERNAL COiMBUSTION ENGINE 



(57) In an internal combustion engine (100) provid- 
ed with an NO^ absorbing reduction catalyst (2) in an 
exhaust gas passage (1 ), there are arranged: an oxygen 
sensor (3) which is mounted downstream of the NO^ ab- 
sorbing reduction catalyst (2) in the exhaust gas pas- 
» (1); and a determination means for detemnining a 



condition of degradation of the NO^ absorbing reduction 
catalyst (2) on the basis of a time length, during which 
a voltage value, having a small amount of variation be- 
fore the voltage value outputted from the oxygen sensor 
(3) is recorded as a maximum value when executing a 
rich spike, is recorded. 
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Description 

Technical Field 

[0001] The present invention relates to an exhaust 
gas cleanup device for an internal combustion engine 
provided with a NOx absorbing reduction catalyst which 
locates in an exhaust gas passage. 

Background Art 

[0002] In an internal combustion engine provided with 
a NOx absorbing reduction catalyst (hereinafter, re- 
ferred to as absorbing catalyst) which locates in an ex- 
haust gas passage, when NOx is absorbed by the ab- 
sorbing catalyst up to a certain level, the NOx thus ab- 
sorbed is reduced and removed by executing an oper- 
ation called a rich spike by which an air-fuel ratio is 
switched temporarily and rapidly from leanness to rich- 
ness. 

[0003] As an invention of method for recovering the 
absorbing catalyst by the rich spike, there is a Japanese 
Laid-open Patent Publication No. 2000-45752 (Method 
for Cleaning NOx Absorbing Reduction Catalyst in In- 
ternal Combustion Engine), the applicant of which Is the 
same of the present application. In the Invention of the 
Japanese Laid-Open Patent Publication No. 
2000-45752, a consideration is given to a point that an 
absorbing ability of the absorbing catalyst is fully real- 
ized by taking the following two steps. As a first step, a 
possible absorbing capacity of NOx by the absorbing 
catalyst is monitored. As a second step, when (or be- 
fore) the accumulated value of the NOx flowing in the 
absorbing catalyst reaches a possible absorbing capac- 
ity, the operation of the rich spike is executed to clean 
the absorbing catalyst. 

[0004] The absorbing catalyst is, however, poisoned 
by a sulfuric component included in the exhaust gas, 
and the absorbing catalyst deteriorates with time pass- 
ing so that the possible absorbing capacity of NOx de- 
creases. As a method for removing the sulfuric compo- 
nent from the poisoned absorbing catalyst, there is a 
Japanese Laid-Open Patent Publication No. 2000-8909 
(Method for Controlling Internal Combustion Engine), 
the applicant of which is the same of the present appli- 
cation. In the invention of the Japanese Laid-Open Pat- 
ent Publication No. 2000-8909, when a predetemriined 
time (100 minutes, for example) elapses while the inter- 
nal combustion engine is operating, the air-fuel ratio is 
switched over from the leanness to the richness, and 
the absorbing catalyst is recovered by operating it dur- 
ing a predetermined time (approximately 100 minutes) 
under a condition that the temperature of the exhaust 
gas is more than 600°C. 

[0005] In this way, according to the conventional art, 
to which degree the absorbing catalyst is poisoned by 
the sulfuric component is estimated only from the oper- 
ation time of the Internal combustion engine. That Is, the 
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recovering work is performed mechanically when the 
predetermined time passes, without monitoring the ac- 
tual deteriorating condition of the absorbing catalyst. 
The "deterioration of the absortaing catalyst" means de- 

5 crease of performance of cleanup of the absorbing cat- 
alyst on the basis of the poisoning by the sulfuric com- 
ponent and by heat. 

Disclosure of Invention 

10 

(Technical Object to Be Achieved by Invention) 

[0006] The technical object is directed toward a pro- 
vision of an exhaust gas cleanup device for an internal 
combustion engine, in which a condition of actual dete- 
rioration of the absorbing catalyst is monitored, and in 
which it is possible to recover the absorbing catalyst in 
a short time. 

20 (How to Achieve the Technical Object) 

[0007] According to the invention of claim 1 , in order 
to achieve the aforementioned technical object, in an ex- 
haust gas cleanup device of an internal combustion en- 

25 gine which is provided with an NOx absorbing reduction 
catalyst in an exhaust gas passage, there are provided: 
an oxygen sensor which is mounted downstream of the 
NO^ absorbing reduction catalyst in the exhaust gas 
passage; and a determination means for detennining a 

30 condition of deterioration of the NO^ absorbing reduc- 
tion catalyst on a basis of a time length, during which a 
voltage value, having a small amount of variation before 
the voltage value outputted from the oxygen sensor is 
recorded as a maximum value when a rich spike is ex- 

35 ecuted. is recorded. 

[0008] According to the invention of claim 2, in the in- 
vention of claim 1 , there is provided an air-fuel ratio set- 
ting means for setting density of CO so as to increase 
the density of CO inside the exhaust gas passage which 

40 is upstream of the NO^ absorbing reduction catalyst at 
a time of recovering the NO^ absorising reduction cata- 
lyst, as degree of the deterioration, detemiined by the 
detemnination means, of the NO^ absorbing reduction 
catalyst becomes higher. 

45 [0009] According to the invention of claim 3, in the in- 
vention of claim 2, an air-fuel ratio in the exhaust gas 
passage which is upstream of the NO^ absorbing reduc- 
tion catalyst is set so that the density of CO in the ex- 
haust gas passage which is downstream of the NO^ab- 

50 sorbing reduction catalyst Is kept constant, at the time 
of recovering the NO^ absorbing reduction catalyst. 
[0010] According to the Invention of claim 4, in the in- 
vention of one of claims 1-3, there are provided an ex- 
haust gas flow rate detecting means; an NOj^ density 

55 detecting means for detecting density of NO^ In an ex- 
haust gas; a temperature sensorfor detecting a temper- 
ature of the NOx absorising reduction catalyst; and a cal- 
culating means for calculating amount of NOy flowing in 
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the NOx absorbing reduction catalyst per unit time, from 
an exhaust gas flow rate detected by the exhaust gas 
flow rate detecting means and from an NO^ density de- 
tected by the NO^ density detecting means, wherein a 
possible NOx absorbing capacity of the NO^ absorbing 
reduction catalyst is estimated by the temperature sen- 
sor, and wherein the NO^ absorbing reduction catalyst 
is recovered when an accumulated amount of NOx flow- 
ing in the NOx absorbing reduction catalyst reaches a 
possible absorbing amount. 

[0011] According to the invention of claim 5, in the in- 
vention of claim 4, the possible NOx absorbing capacity 
of the NOx absorbing reduction catalyst which is deteri- 
orated, is estimated, and an interval for executing the 
rich spike is set in compliance with the possible NOx 
sorbing capacity. 

[0012] According to the invention of claim 6, in the in- 
vention of one of claims 2 and 3, there are provided a 
secondary air supply passage and an oxidation catalyst, 
both of which are in the exhaust gas passage down- 
stream of the NOx absorbing reduction catalyst, wherein 
CO having passed through the NOx absorbing reduction 
catalyst is oxidized in the oxidation catalyst. 
[001 3] According to the invention of claim 7, in the in- 
vention of claim 1 , there is provided a three way catalyst 
which is in the exhaust gas passage upstream of the 
NOx absorbing reduction catalyst, wherein the three 
way catalyst has an oxygen absorbing function and an 
oxidizing function. 

[001 4] According to the invention of claim 8, in the in- 
vention of claim 7, the three way catalyst and the NOx 
absorbing reduction catalyst are unitized integrally, and 
the three way catalyst is upstream of the exhaust gas 
passage. 

(More Advantageous Effect Than Prior Art) 

[0015] According to the invention of claim 1 , the GPU 
4 compares the voltage data outputted from the oxygen 
sensor 3 i n which the voltage data are about the absorb- 
ing reduction catalyst 2 that is not deteriorated and in 
which the voltage data are stored on the memory 5, and 
the wavefonn of the value, actually measured, of voltage 
outputted from the oxygen sensor 3 at the time of exe- 
cuting the rich spike, to each other. On the basis of the 
comparison, the degree of course of deterioration of the 
absorbing reduction catalyst 2 can be estimated. There- 
fore, it is possible to keep the absorbing reduction cat- 
alyst 2 in a condition for exerting the NO^ absorbing 
function fully, and the NOx can be purged in good con- 
dition. 

[0016] According to the invention of claim 2, there is 
provided the air-fuel ratio setting means (fuel supply 
amount adjustment valve) for setting the density of CO 
inside the exhaust gas passage (exhaust gas pipe 1) 
which is upstream of the NOx absorbing catalyst 2, in 
compliance with the degree of deterioration of the ab- 
sorbing catalyst 2; therefore, the NOx absorbing catalyst 



2 can be recovered in good condition. Consequently, al- 
ways, the NOx c^ri be purged in good condition. 
[001 7] According to the invention of claim 3, in the in- 
vention of claim 2, the air-fuel ratio X which is upstream 
5 Of the NOx absorbing reduction catalyst 2 is set so that 
the density of CO which is downstream of the NO^ ab- 
sorbing reduction catalyst 2 is kept constant. Therefore, 
it is possible to make the time for recovering the absorb- 
ing catalyst 2 the shortest while the density of dis- 
10 charged CO is suppressed to a predetemriined density 
within a value of an environmental limit. Consequently, 
it is possible to maintain the thermal efficiency high. 
[0018] According to the invention of claim 4, the pos- 
sible NOx absorbing capacity of the absorbing catalyst 
15 2 is estimated, and the absorbing catalyst 2 is recovered 
when the total amount of NOx (accumulated amount of 
NOx) flowing in the absorbing catalyst 2 reaches the 
possible NOx absorbing capacity. Therefore, it is possi- 
ble to exert the absorbing ability of the absorbing cata- 
20 lyst 2 to the fullest extent. 

[0019] Regardless of change in operational circum- 
stances such as engine speed, engine load, etc., the 
total amount of the discharged NOx '® calculated. There- 
fore, it is possible to properly determine the time to re- 
25 cover the absorbing catalyst 2, and the good absorbing 
ability can be exerted. 

[0020] According to the invention of claim 5, the pos- 
sible NOx absorbing capacity is estimated in compliance 
with the degree of deterioration of the absorbing catalyst 
30 2, and the interval for performing the rich spike is set up. 
Therefore, the minimum necessary recovery can be per- 
formed in compliance with the degree of deterioration of 
the absorbing catalyst 2. the operation time can be the 
shortest with the air-fuel ratio A, being rich, the discharge 
35 of CO can be made minimum, and the heat efficiency 
can be maintained high. 

[0021] According to the invention of claim 6, there is 
arranged the oxidation catalyst 20 which is in the ex- 
haust gas passage (exhaust gas pipe 1 ) downstream of 
40 the absorbing catalyst 2. Therefore, the discharge of CO 
which has not been employed upon recovery of the ab- 
sorbing reduction catalyst 2, into the atmospheric air, is 
surely prevented. In other words, even if a large amount 
of CO, effective in the recovery, is flowed, the CO (CO 
45 which has not been employed for recovery) having 
passed through the absorbing catalyst 2 can undergo 
an oxidizing process by the oxidation catalyst 20. There- 
fore, the discharge of CO into the air can be prevented. 
[0022] According to the invention of claim 7, there is 
so arranged the three way catalyst 19 which is in the ex- 
haust gas passage (exhaust gas pipe 1) upstream of the 
absorbing catalyst 2, and oxygen is absorbed upstream 
of the absoriDing catalyst 2 by the three way catalyst 1 9 
at the time of recovery of the absorbing catalyst 2. 
55 Therefore, the absorbing catalyst 2 can be recovered in 
good condition, and the good cleaning ability can be re- 
alized. 

[0023] According to the invention of claim 8, the three 
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way catalyst 1 9 and the absorbing catalyst 2 are unitized 
integrally, which are provided in the exhaust gas pas- 
sage (exhaust gas pipe 1 ). Therefore, the temperature 
of the exhaust gas between the three way catalyst 1 9 
and the absorbing catalyst 2, can be prevented from 
dropping down, and it is possible to recover the absorb- 
ing catalyst 2 at a high temperature. Therefore, the ab- 
sorbing catalyst 2 can be surety recovered, and the ab- 
sorbing catalyst 2 can make the NO^ be cleaned up in 
good condition. 

Brief Description of Drawings 

[0024] 

Fig. 1 is a schematic front view of an internal com- 
bustion engine which is embodied according to the 
invention of claim 1 . 

Fig. 2 is a graph showing a waveform of a voltage 
outputted from an oxygen sensor. 
Fig. 3 is a graph showing a change in CO density 
upstream and downstream of an absoriDing catalyst 
when time elapses. 

Fig. 4 is a graph showing a change in CO density 
upstream of the absorising catalyst, with the CO 
density downstream of the absorbing catalyst being 
l<ept constant. 

Fig. 5 is a graph showing a relation between tem- 
perature of the absorbing catalyst and possible NOx 
absorbing capacity. 

Fig. 6 is a schematic front view of the intemal com- 
bustion engine which is embodied according to the 
invention of claims 7 and 8. 
Fig. 7 is a schematic front view of the intemal com- 
bustion engine which is embodied according to the 
invention of claim 4. 

Fig. 8 is a graph showing a change in temperature 
of exhaust gas with time passing, when a condition 
of operation of the intemal combustion engine of 
Fig. 7 changes. 

Fig. 9 is a graph showing a temperature distribution 
of the absorbing catalyst on the basis of the engine 
load and engine speed. 

Fig. 10 is a graph showing a relation between re- 
covering speed of the absorbing catalyst and air- 
fuel ratio X. 

Fig. 1 1 is a schematic front view of the internal com- 
bustion engine which is embodied according to the 
invention of claim 6. 

Fig. 12 is a graph showing a relation between the 
recovering speed of the absorbing catalyst and the 
temperature. 

Fig. 13 is a graph showing a relation between the 
air-fuel ratio X, and CO and NOx densities down- 
stream of the absorbing catalyst. 
Fig. 14 is a graph showing a relation between a CO 
density set upstream of the absorbing catalyst and 
time when the recovery thereof has been accom- 



6 

plished, in a case that the absorbing catalyst is not 
deteriorated so much and in a case that the absorb- 
ing catalyst is deteriorated appreciably. 



(Embodiment of Invention of Claim 1) 

[0025] Fig. 1 is a schematic front view of an Internal 
combustion engine 1 00 into which the invention of claim 
1 is embodied. The internal combustion engine 1 00 has 
an exhaust gas pipe 1 with which an NOx absorbing re- 
duction catalyst 2 (hereinafter, referred to as an absorb- 
ing catalyst 2) is unitized. In the exhaust gas passage 
(exhaust gas pipe 1) downstream of the absorbing cat- 
alyst 2, there is provided an oxygen sensor 3. Also, in 
the exhaust gas passage (exhaust gas pipe 1 ) upstream 
of the absorbing catalyst 2, there is provided an oxygen 
sensor 3a for precisely detecting the air-fuel ratio X of 
the exhaust gas. Each of the oxygen sensors 3. 3a is 
connected to a CPU 4 through signal cables 6, 6a, re- 
spectively. Signals detected by the oxygen sensors 3, 
3a, are transm'rtted to the CPU 4 through the signal ca- 
bles 6, 6a. The CPU 4 is accessible to a memory 5 which 
will be explained in detail below. 
[0026] Fig. 2 is a graph showing a waveform of a volt- 
age outputted from the oxygen sensor 3. The absorbing 
catalyst 2 shown in Fig. 1 , absorbs NOx included in the 
exhaust gas flowing through the exhaust gas pipe 1 . But 
the absorbing catalyst 2 can absorb no more NOx once 
the amount of absorption thereof reaches a possible ab- 
sortDing capacity. When the amount of absorption reach- 
es 90%, for example, of the possible absorbing capacity, 
an operation called rich spike is executed in order to set 
the air-fuel ratio X slightly on a side of richness with re- 
spect to a theoretical air-fuel ratio. 
[0027] Referring to Fig. 2, the rich spike is performed 
from time t^ to time t2. When the internal combustion 
engine 100 (Fig. 1) operates normally, the air-fuel ratio 
X is set to be lean (X=1 .3—1 .5). As the value of the air- 
fuel ratio X is greater (namely, leaner), the density of ox- 
ygen is higher. As the oxygen density is higher, the volt- 
age outputted from the oxygen sensor 3 decreases. 
Therefore, as shown In Fig. 2, since the oxygen density 
is low during the rich spike, the voltage outputted there- 
from is high. 

[0028] In Fig. 2, the value of the voltage hardly chang- 
es with respect to the value of E^ during a time from t3 
to t4 ("small amount of variation in voltage value" in claim 
1), and the value thereof rapidly increases again after 
passing the time t4. When the air-fuel ratio X is lean, the 
absorbing catalyst 2 absorbs NO^ and oxygen, simulta- 
neously. When the rich spike is executed, the oxygen 
absorbed by the absorbing catalyst 2 is released, and 
the oxygen density in the exhaust gas pipe 1 down- 
stream of the absorbing catalyst 2 becomes high tem- 
porarily. And, in spite of executing the rich spike until all 
the oxygen thus absorbed is released completely, the 
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oxygen density hardly changes during the time from t3 
to t4, which is reflected upon the value of voltage out- 
putted from the oxygen sensor 3. 
[0029] The rich spike is perfomned five seconds, for 
example. When the absorbing catalyst 2 is new, the ox- 5 
ygen absorbed thereby at the time t4 is released com- 
pletely. When the deterioration of the absorbing catalyst 
2 proceeds, the oxygen absorbed thereby at the time 
before reaching the time t4, is released completely, for 
example, as shown in Fig. 2. 

[0030] When the absorbing catalyst 2 is new and it 
has a high ability to absoris it, the absorbing catalyst 2 
absorbs a lot of NO^ together with oxygen. However, 
when the absorbing catalyst 2 is employed during many 
hours, and when the deterioration (poisoning by the sul- 
furic component) of the absoriDing catalyst 2 proceeds, 
the ability to absorb it decreases. As a result, the amount 
of oxygen released at the time of executing the rich spil<e 
becomes small. Therefore, when the absorbing catalyst 

2 is deteriorated, all the oxygen at the time shown In 
Fig. 2 is released completely, and the value of the volt- 
age increases up to the highest value Eg at a relatively 
eariy stage. 

[0031 ] Consequently, it is possible to know the degree 
of course of deterioration of the absorbing catalyst 2, on 
the basis of the wavefomn of the voltage outputted from 
the oxygen sensor 3. Accordingly, the correlation be- 
tween the oxygen absorbing amount (NO^ absoriDing 
amount) of the NOj^ absorbing catalyst 2 and the wave- 
form of the voltage, is gained by experiment in advance, 
and the co rrelation therebetween is stored on the mem- 
ory 5 in Fig. 1 . By comparing data stored on the memory 
5 and the waveform of the value of voltage, actually 
measured, which is outputted from the oxygen sensor 

3 at the time of executing the rich spike with the CPU 4. 
it is possible to estimate the degree of course of deteri- 
oration of the absorbing catalyst 2. 

(Embodiment of Invention of Claim 2) 

[0032] As shown in Fig. 1 , an air supply pipe 7 and a 
fuel supply pipe 9 are connected to a mixer 8. A mixture 
formed in the mixer 8, is supplied from the mixer 8 to a 
combustion chamber (not shown) of the internal com- 
bustion engine 1 00 via a mixture supply pipe 1 1 , and the 
mixture is made to combust in the combustion chamber. 
[0033] The air-fuel ratio X of the mixture supplied to 
the combustion chamber, can be changed by adjusting 
the valve travel of a fuel supply amount adjustment valve 
1 0 which is provided intermediately In the fuel supply 
pipe 9. Namely, when the degree of the valve travel is 
made small, the amount of supply of the fuel decreases, 
and therefore the air-fuel ratio X becomes high (i.e. be- 
comes lean). On the contrary, when the degree of the 
valve travel is made large, the air-fuel ratio X becomes 
low (i.e. becomes rich). The change of the air-fuel A., in 
the vicinity of A, =1 , is detected by the oxygen sensor 3a 
with high precision. 



[0034] Fig. 13 shows a graph indicating a relation 
amongst the air-fuel ratio X, CO density and NO^ den- 
sity. As shown in Fig. 13. as the air-fuel ratio X is richer, 
the density of CO downstream of the absorbing catalyst 
is higher and the density of NO^ is lower. On the contra- 
ry, as the air-fuel ratio X is leaner, the density of CO 
downstream of the absorbing catalyst is lower and the 
density of NO^ is higher. The region in which both of the 
CO density and the NO^ density are relatively low, is 
called a cleanup window. 

[0035] The work for removing the sulfuric component 
from a deteriorated absorbing catalyst 2, is called a "re- 
covery". When the absoriDing catalyst 2 is recovered, the 
sulfuric component is removed from the absorbing cat- 
alyst 2, and the possible NO^ absoriDing capacity of the 
absorbing catalyst 2 is closer to the possible NO^ ab- 
sorbing capacity thereof when it is new. 
[0036] As shown in Fig. 1 0, as the CO density is high- 
er, the recovery speed is faster. The sulfuric component 
is advantageously removed with higher CO density. 
Hence, at the time of recovery thereof, the valve travel 
of the fuel supply amount adjustment valve (air-fuel ratio 
setting means) 10 is adjusted, and the air-fuel ratio X is 
set to be on an end ( X =0.99-0.997) of the rich side of 
the cleanup window. At the same time, the internal com- 
bustion engine 1 00 is operated with such a temperature 
of the exhaust gas as allows the recovery. It is preferable 
that the temperature at this time is more than eOO^'C. 
[0037] As shown in Fig. 3, when the CO density up- 
stream of the catalyst is kept constant, the CO density 
downstream of the absoriDing catalyst becomes low in- 
itially. But when the time t^ comes, the CO density down- 
stream of the absorbing catalyst increases up to a pre- 
determined value. When a new absoriDing catalyst hav- 
ing a large possible absorbing capacity absorbs the NO^ 
and oxygen up to a limitation of absorption, the amount 
of oxygen and NO^ which is made to react with CO at 
the time of reduction of the absoriDing catalyst increases. 
Therefore, there does not exist any object (NO^ and ox- 
ygen) with which CO reacts, and it takes long before the 
CO density increases up to a predetemnined value. But 
the possible absorbing capacity of the absoriDing cata- 
lyst undergoing a considerable poisoning is small, and 
the amount of oxygen and NO^ having been absoriDed 
is small. Therefore, the amount of oxygen and NO^ 
which is made to react with CO at the time of reduction 
of the absorbing catalyst is small, and the CO density 
increases up to the predetermined value when the time 
t;^, prior to the time Xq, comes . 

[0038] As shown in Fig. 4, when the CO density is set 
to be high initially at the time of recovery thereof, not so 
much of CO flows downstream of the absoriDing catalyst. 
Accordingly, by setting the CO density upstream of the 
absorbing catalyst to be low in accordance with the de- 
gree of the recovery, it is possible to shorten the time to 
recover the absorbing catalyst while suppressing the 
CO density downstream of the absorbing catalyst. 
[0039] In Fig. 4, the CO density downstream of the 
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absorbing catalyst is set to be within an environmental 
discharge limit, and the CO density upstream of the ab- 
sorbing catalyst is set so that the CO density down- 
stream of the absorbing catalyst during the recovery of 
the absorbing catalyst become the set value. By height- 
ening the CO density upstream of the absorbing catalyst 
in advance during the recovery so that the CO density 
downstream of the absorbing catalyst does not exceed 
the environmental limit, it is possible to shorten the time 
of the recovery of the absorbing catalyst with the density 
of CO In the exhaust gas being kept low. 
[0040] Fig. 14 shows a graph indicating a relation be- 
tween a CO density set upstream of the absorbing cat- 
alyst and a time when the recovery is accomplished, in 
a case that the absorbing catalyst undergoes not so 
much deterioration and in a case that the absorbing cat- 
alyst undergoes considerable deterioration. As shown 
in Fig. 14, when the setting CO density is the same, the 
amount of poisoning increases as the deterioration 
thereof proceeds. Therefore, it takes longer before the 
recovery is finished. Also, making the recovery time the 
same, it is possible to set the CO density low at the time 
of recovery in a case that it undergoes less deterioration. 

(Embodiment of Invention of Claim 3) 

[0041] In the embodiment of the invention of claim 2, 
the air-fuel ratio X upstream of the absorbing catalyst 2 
is set so that the density of CO in the exhaust gas pipe 
1 downstream of the absorbing catalyst 2 remains con- 
stant while the absortDing catalyst 2 is being recovered. 
[0042] The deterioration of the absorising catalyst 2 is 
patterned on the basis of the degree of deterioration, a 
map is made by investigating a relation between the 
density of CO set downstream and the density of CO 
adjusted upstream, in advance, and the map Is stored 
on the memory 5. 

[0043] The CPU 4 adjusts the valve travel of the fuel 
supply amount adjustment valve 1 0 so as to be able to 
properly adjust the density of CO upstream with refer- 
ence to the map thus stored on the memory 5, by esti- 
mating the degree of the deterioration of the absorbing 
catalyst 2 from the wavefomn (Fig. 2) of the voltage out- 
putted from the oxygen sensor 3, and by selecting a set- 
ting value of the density of CO downstream. 

(Embodiment of Invention of Claim 4) 

[0044] As shown in Fig. 7, the internal combustion en- 
gine 1 02 has an engine speed detector 1 3 and an en- 
gine load detector 14. The detection signals having 
been detected thereby, are supplied to the CPU 4. Also, 
the exhaust gas pipe 1 has a temperature sensor 15. 
The CPU 4 estimates the temperature of the absorbing 
catalyst 2 from the temperature, detected by the tem- 
perature sensor 15, of exhaust gas. 
[0045] Fig. 5 shows a graph indicating a relation be- 
tween the temperature of the absorbing catalyst 2 and 



the NOx possible absorbing capacity. As shown in Rg. 
5. the possible NOx absorbing capacity varies when the 
temperature becomes high, no matter whether the ab- 
sortDing catalyst 2 is new or deteriorated. Therefore, it is 

5 possible to calculate the possible absorbing capacity 
thereof, from the degree of deterioration and tempera- 
ture of the absortDing catalyst 2. 
[0046] Firstly, the relation between the temperature 
and the possible absortDing capacity per degree of de- 

10 terioration of the absorbing catalyst 2, is gained by ex- 
periment in advance, and then the map is made and 
stored on the memory 5. The temperature of the absortD- 
ing catalyst 2 changes In accordance with a state of op- 
eration of the internal combustion engine 102. Thetem- 

15 perature thereof is detected by the temperature sensor 
15, and the detection signal(s) detected thereby is/are 
transmitted to the CPU 4. Incidentally, as shown in Fig. 
9, it is understood that the temperature of the exhaust 
gas (temperature of the absorbing catalyst 2) increases 

20 in each of the case that the engine load increases and 
the case that the engine speed increases. 
[0047] The degree of deterioration of the absorbing 
catalyst 2 can be estimated from the waveform of the 
voltage outputted by the oxygen sensor 3 shown in Fig. 

25 2. Consequently, the possible NOx absortDing amount at 
present by the absorbing catalyst 2 can be gained on 
the basis thereof. 

[0048] Next, how much density the NOx which flows 
in the absorbing catalyst 2 has, is checked. It is possible 

30 to estimate the condition of operation of the internal 
combustion engine 1 00 from the air-fuel ratio X, the en- 
gine speed detected by the engine speed detector 13, 
and the engine load detected by the engine load detec- 
tor 14. On the basis of these, it is possible to detect the 

35 exhaust gas flow rate and the density of NOy included 
in the exhaust gas (exhaust gas flow rate detection 
means and NO^ density detection means). 
[0049] The amount per unit time of NOx which flows 
in the absortDing catalyst 2, is calculated by the CPU 4 

40 (NOx anriount calculation means). The CPU 4 perfonms 
the rich spike, when the amount thereof reaches 
90-95%, for example, of the present possible absorbing 
capacity, calculated above, of the absortDing catalyst 2; 
and the NOx having been absortDed is reduced and re- 

45 moved. In this way, it is possible to bring out a full ability 
of the absorption in accordance with the deterioration of 
the absort)ing catalyst 2. and possible to clean up the 
exhaust gas in good condition. 

[0050] Of course, it is possible to absorb it until the 
50 total amount (accumulated NOx annount) of NOx calcu- 
lated by the CPU 4 reaches 100% of the possible ab- 
sorbing capacity of the absorbing catalyst 2, and it is 
possible to perfomn the rich spike thereafter. However, 
there is a possibility that the amount of NO^ in the ex- 
55 haust gas discharged to the atmospheric air increases. 
Therefore, it is preferable to set about 90-95% of the 
possible absorbing capacity as an upper limit, as afore- 
mentioned. 
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(Embodiment of Invention of Claim 5) 

[0051] In the embodiment of claim 4, about 90-95% 
of the possible absorbing capacity of the absorbing cat- 
alyst 2 is set as the upper limit. At the time of reducing 
and removing the NO^ having been absorbed, the rich 
spike is perfomned during the time which Is necessary 
for reducing and removing the NO^ the amount of which 
corresponds to the estimated amount of NO^ computed 
by the CPU 4. 

[0052] That is, the rich spike is perfomned after the 
lean operation time during which the amount of NO^ (or 
about 90-95% of the possible absoriDing capacity), cor- 
responding to the possible absorbing capacity of the ab- 
sorbing catalyst 2. is absorbed, elapses. 
[0053] When the rich spike is executed in this way, It 
is possible to cleanup the absorbing catalyst in good 
condition, to suppress to a requisite minimum the 
amount of CO discharged when the air-fuel ratio X is 
rich, and to suppress the decrease of the themial effi- 
ciency to a minimum. 

(Embodiment of Invention of Claim 6) 

[0054] Rg. 1 1 Is a schematic front view of the internal 
combustion engine 104 which is embodied in accord- 
ance with the invention of claim 6. According to the in- 
vention of the aforementioned claims 2 and 3, the air- 
fuel ratio X at the time of recovering the absorbing cat- 
alyst 2, is set so that the density of CO in the exhaust 
gas pipe 1 upstream of the absortsing catalyst 2 is high- 
er. But it Is necessary to take a counter measure for pre- 
venting CO, which does not contribute to the cleanup of 
the NOy and SO^ in the exhaust gas, from being dis- 
charged into the atmospheric air. Consequently, the In- 
ternal combustion engine 104 has an arrangement in 
which an oxidation catalyst 20 is provided in the exhaust 
gas passage (exhaust gas pipe 1 ) downstream of the 
absorbing catalyst 2. 

[0055] Further, the internal combustion engine 104 
has a pump 21 , for supplying the secondary air, which 
is mounted in the exhaust passage upstream of the ox- 
idation catalyst 20. There is installed an oxygen sensor 
3b between the pump 21 and the absorbing catalyst 2. 
The oxygen sensor 3b is necessarily mounted upstream 
of the pump 21 in order not to allow the oxygen sensor 
3b to detect oxygen in the secondary air. The oxygen 
sensor 3b detects only the oxygen passing through the 
absori3ing catalyst 2, and the oxygen sensor 3b fulfills 
a role for monitoring the absorbing capacity of the ab- 
sorbing catalyst 2. Other constructions of the internal 
combustion engine 104 are the same as those of the 
internal combustion engine 100. Air supplied by the 
pump 21 oxidizes (i.e. cleans up) CO in the oxidation 
catalyst 20. 

[0056] Incidentally, in the invention of claims 2 and 3, 
it is necessary to prevent a discharge of CO, which is 
excessively supplied, into the atmospheric air. Namely, 



in order to limit the amount of NO^ or CO discharged to 
the atmospheric airto a minimum, It Is necessary to rel- 
atively strictly controi the air-fuel ratio. 
[0057] In this respect, according to the invention of 
5 claim 6, the cleanup by the oxidation catalyst 20 can be 
done even if a bit excessive amount of CO is supplied, 
and it is easy to control the air-fuel ratio. Namely, in the 
internal combustion engine 1 04, the oxygen sensor 3a 
can be skipped. 

10 

(Embodiment of Invention of Claims 7 and 8) 

[0058] Fig. 6 is a schematic front view of the internal 
combustion engine 103 which is embodied in accord- 
's ance with the invention of claims 7 and 8. The internal 
combustion engine 1 03 differs from the internal com- 
bustion engine 1 00, only in that a three way catalyst 1 9 
is arranged upstream of the absorbing catalyst 2. How- 
ever, the other constructions of the intemal combustion 
20 engine 1 03 are the same as those of the intemal com- 
bustion engine 100. Upon control of the air-fuel ratio X, 
the fuel supply amount adjustment valve 1 0 is operated 
until the value of voltage outputted from the oxygen sen- 
sor 3a rapidly changes, and the air-ratio X prior to the 
25 operation of the fuel supply amount adjustment valve 1 0 
is detected on the basis of the operation amount of the 
fuel supply amount adjustment valve 10. This operation 
is called a lean spike. Upon the recovery of the absorb- 
ing catalyst 2, firstly, the lean spike is executed. After 
30 detecting what value the present air-fuel ratio X is, the 
air-fuel ratio X is shifted toward a rich side by an amount 
necessary to recover it. 

[0059] When there exists oxygen, the recovery of the 
absorbing catalyst 2 is blocked. Therefore, it is neces- 
35 sary to remove oxygen generated at the time of execu- 
tion of the lean spike, before the recovery wori< is start- 
ed. Namely, the oxygen is absorbed by the three way 
catalyst 1 9 mounted upstream of the absoriaing catalyst 
2, and the oxygen is prevented from flowing to the ab- 
40 sorbing catalyst 2 downstream. 

[0060] As shown in Fig. 6, by unitizing the three way 
catalyst 1 9 and the absorising catalyst 2, and by mount- 
ing the unit in the exhaust gas passage (exhaust gas 
pipe 1 ), the temperature of the exhaust gas between the 
45 three way catalyst 19 and the absorbing catalyst 2 is 
prevented from dropping down. 
[0061] Fig. 12 is a graph showing a relation between 
the recovery speed and temperature of the absorbing 
catalyst 2.. As shown in Fig. 12, the recovery speed of 
50 the abso riding catalyst 2 is higher as the temperature is 
higher. Therefore, in the internal combustion engine 
1 03, the absorbing catalyst 2 can be recovered in a short 
time by the exhaust gas at a high temperature. 



[0062] The present invention is applicable to intemal 
combustion land and marine engines which are 
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equipped with NO^ absorbing reduction catalysts in the 
exhaust gas passages. 

Claims 

1 . An exhaust gas cleanup device of an internal com- 
bustion engine (1 00) which is provided with an NO^ 
absorbing reduction catalyst (2) in an exhaust gas 
passage (1), characterized in that there are pro- 
vided: 

an oxygen sensor (3) which is mounted down- 
stream of the NOx absorbing reduction catalyst 
(2) in the exhaust gas passage (1); and 
a determination means for detennining a con- 
dition of deterioration of the NO^ absorbing re- 
duction catalyst (2) on a basis of a time length, 
during which a voltage value, having a small 
amount of variation before the voltage value 
outputted from the oxygen sensor (3) is record- 
ed as a maximum value when a rich spike is 
executed, is recorded. 

2. The exhaust gas cleanup device of the internal 
combustion engine as claimed in claim 1, which 
comprises an air-fuel ratio setting means for setting 
density of CO so as to Increase the density of CO 
inside the exhaust gas passage (1) which is up- 
stream of the NO^ absorbing reduction catalyst (2) 
at a time of recovering the NO^ absorbing reduction 
catalyst (2), as degree of the deterioration, deter- 
mined by the determination means, of the NOx ab- 
sorbing reduction catalyst (2) becomes higher. 

3. The exhaust gas cleanup device of the internal 
combustion engine as claimed in claim 2, wherein 
an air-fuel ratio in the exhaust gas passage (1) 
which is upstream of the NO^ absorbing reduction 
catalyst (2) is set so that the density of CO in the 
exhaust gas passage (1) which is downstream of 
the NO^ absorbing reduction catalyst (2) is kept 
constant, at the time of recovering the NO^ absorb- 
ing reduction catalyst (2). 

4. The exhaust gas cleanup device of the internal 
combustion engine as claimed in one of claims 1 to 
3, which comprises: 

an exhaust gas flow rate detecting means; 
an NOx density detecting means for detecting 
density of NO^ in an exhaust gas; 
a temperature sensor (15) for detecting a tem- 
perature of the NOx absorbing reduction cata- 
lyst (2); and 

a calculating means for calculating amount of 
NOx flowing in the NOx absorbing reduction cat- 
alyst (2) per unit time, from an exhaust gas flow 



rate detected by the exhaust gas flow rate de- 
tecting means and from an NOx density detect- 
ed by the NOx density detecting means, 

5 wherein a possible NOx absorbing capacity of 

the NOx absorbing reduction catalyst (2) is estimat- 
ed by the temperature sensor (1 5), and 

wherein the NOx absorbing reduction catalyst 
(2) is recovered when an estimated amount of NOx 

10 flowing in the NOx absorbing reduction catalyst (2) 
reaches a possible absorbing amount 

5. The exhaust gas cleanup device of the internal 
combustion engine as claimed in claim 4, wherein 

15 the possible NOx absorbing capacity of the NOx ab- 
sorbing reduction catalyst (2) which is deteriorated, 
is estimated, and 

wherein an interval for executing the rich 
spike is set in compliance with the possible NOx 

20 s orbing capacity. 

6. The exhaust gas cleanup device of the internal 
combustion engine as claimed in claim 2 or 3, which 
comprises a secondary air supply passage and an 

25 oxidation catalyst, both of which are in the exhaust 
gas passage (1) downstream of the NOx absorbing 
reduction catalyst (2), wherein CO having passed 
through the NOx absorbing reduction catalyst (2) is 
oxidized in the oxidation catalyst. 

30 

7. The exhaust gas cleanup device of the internal 
combustion engine as claimed in claim 1 , which 
comprises a three way catalyst (19) which is in the 
exhaust gas passage (1) upstream of the NOx ^* 

35 sorbing reduction catalyst (2), wherein the three 
way catalyst (1 9) has an oxygen absorbing function 
and an oxidizing function. 

8. The exhaust gas cleanup device of the internal 
40 combustion engine as claimed in claim 7, wherein 

the three way catalyst (19) and the NOx absorbing 
reduction catalyst (2) are unitized integrally, where- 
in the three way catalyst (1 9) is upstream of the ex- 
haust gas passage (1). 

45 
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Explanation of Reference Numeral 

1 - exhaust gas tube (exhaust gas passage) 

2 -NOx absorbing reduction catalyst 

3 •••oxygen sensor 

4 -CPU 

5 - "memory 

1 0 --fuel supply amount adjustment valve (air-fuel ratio setting* means) 
1 3 '-engine speed detector 
1 4 * * engine load detector 
1 5 --temperature sensor 

1 9 ■••three way catalyst 

2 0 - oxidation catalyst 
2 1 •pump 

10 0 -internal combustion engine 
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